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Electronic power modules are disclosed. In one example, an
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module includes first gap separating the first aluminum

substrate from the second aluminum substrate. The elec-
tronic power module includes a second gap separating the
second aluminum substrate from the third aluminum sub-
strate. The electronic power module includes a first semi-
conductor switching component electrically coupled to the
first aluminum substrate and the second aluminum substrate.
The electronic power module includes a second semicon-
ductor switching component electrically coupled to the
second aluminum substrate and the third aluminum sub-
strate.
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1
ELECTRONIC POWER MODULL

PRIORITY CLAIM

The present application claims the benefit of priority to
U.S. patent application Ser. No. 16/851,450 titled “Elec-

tronic Power Module,” having a filing date of Apr. 17, 2020,
which 1s based on and claims priority to U.S. Provisional

Application Ser. No. 62/840,636, titled “FElectronic Power
Module,” filed on Apr. 30, 2019, which 1s incorporated

herein by reference.

FIELD

The present disclosure relates generally to electronic
power modules, and more particularly to electronic power
modules for use 1 high power applications, such as, for
instance, power conversion, power storage systems, electric
drive control, etc.

BACKGROUND

Electronic power modules can be used 1n various electri-
cal switching applications. For instance, electronic power
modules can be used for power conversion, power storage
systems (e.g., connecting/disconnecting of battery storage
systems), electric drive control (e.g., for automotive appli-
cations). Power modules can include one or more solid state
switching device(s) (e.g., MOSFFETs, 1GBTs, etc.). For
istance, a power module can include solid state switching
device(s) arranged to implement a bidirectional switch, an
inverter bridge, etc. To accommodate higher power require-
ments 1 electronic power module applications, the solid
state device(s) can be implemented on a metal circuit carrier,
such as an aluminum circuit carrier.

SUMMARY

Aspects and advantages of embodiments of the present
disclosure will be set forth 1 part in the following descrip-
tion, or may be learned from the description, or may be
learned through practice of the embodiments.

One example aspect of the present disclosure 1s directed
to an electronic power module. The electronic power module
includes a first aluminum substrate operable at a first poten-
tial. The electronic power module 1includes a second alumi-
num substrate operable at a second potential. The second
aluminum substrate 1s arranged 1n a common plane with the
first aluminum substrate. The electronic power module
includes a third aluminum substrate operable at a third
potential. The third aluminum substrate 1s arranged 1n a
common plane with the first aluminum substrate and the
second aluminum substrate. The electronic power module
includes first gap separating the first aluminum substrate
from the second aluminum substrate. The electronic power
module 1ncludes a second gap separating the second alumi-
num substrate from the third aluminum substrate. The elec-
tronic power module 1includes a first semiconductor switch-
ing component electrically coupled to the first aluminum
substrate and the second aluminum substrate. The electronic
power module includes a second semiconductor switching,
component electrically coupled to the second aluminum
substrate and the third aluminum substrate.

These and other features, aspects and advantages of
vartous embodiments will become better understood with
reference to the following description and appended claims.
The accompanying drawings, which are incorporated 1n and
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2

constitute a part of this specification, illustrate embodiments
of the present disclosure and, together with the description,
serve to explain the related principles.

BRIEF DESCRIPTION OF THE DRAWINGS

Detailed discussion of embodiments directed to one of
ordinary skill 1n the art are set forth in the specification,
which makes reference to the appended figures, 1n which:

FIG. 1 depicts an electronic power module according to
example embodiments of the present disclosure;

FIG. 2 depicts an electronic power module according to
example embodiments of the present disclosure;

FIG. 3 depicts an electronic power module according to
example embodiments of the present disclosure;

FIG. 4 depicts an electronic power module according to
example embodiments of the present disclosure;

FIG. 5 depicts a cross-sectional view of a portion of an
clectronic power module according to example embodi-
ments of the present disclosure;

FIG. 6 depicts an electronic power module according to
example embodiments of the present disclosure;

FIG. 7 depicts an electronic power module according to
example embodiments of the present disclosure; and

FIG. 8 depicts a tlow chart of an example method for
manufacturing an electromic power module according to
example embodiments of the present disclosure.

DETAILED DESCRIPTION

Retference now will be made 1n detail to embodiments,
one or more examples of which are illustrated 1n the draw-
ings. BEach example 1s provided by way of explanation of the
embodiments, not limitation of the present disclosure. In
tact, 1t will be apparent to those skilled 1n the art that various
modifications and variations can be made to the embodi-
ments without departing ifrom the scope or spirit of the
present disclosure. For instance, features illustrated or
described as part of one embodiment can be used with
another embodiment to vield a still further embodiment.
Thus, 1t 1s intended that aspects of the present disclosure
cover such modifications and variations.

Example aspects of the present disclosure are directed to
clectronic power modules and methods of manufacturing
clectronic power modules. The electronic power modules
can have an improved layout for implementing high perfor-
mance power switching technology. The electronic power
modules can be manufacturing according to the example
processes described herein using cost eflective techniques
from rigid aluminum substrates to provide high performance
clectronic power modules.

In some embodiments, the electronic power modules can
be used to implement a bidirectional solid state switch. For
instance, a power module having semiconductor switching
components (e.g., MOSFETs) 1n an anti-serial configuration
can allow for controlling current flow in a bidirectional
manner. Capability for handling higher currents in power
clectronic modules can be based at least 1n part by intrinsic
on-state resistance of individual semiconductor switching
components. This resistance can be scaled down by parallel
connection ol more semiconductor switching components.
This can increase the size of the area of the semiconductor
switching components connected to the circuit carrier of the
power electronic module. As an example, using bare die chip
semiconductor switching components with a typical on-state
resistance of 1.3 mOhm per chip at 25° C. can lead to a total
on-state resistance of 0.65 mOhm at 25° C. for four chips




US 11,776,940 B2

3

connected 1n parallel per module. At junction temperature of
the semiconductor switching components at 175° C., this
can least to about one kilowatt power dissipation at about
900 amps current tlow.

Electronic power modules for implementing a bidirec-
tional solid state switch can include a first semiconductor
switching component and a second semiconductor switching
component arranged in an anti-serial configuration. The
clectronic power modules can include a plurality of anti-
serial connected first and second semiconductor switching
components arranged 1n parallel. The semiconductor switch-
ing components can be arranged on co-planar aluminum
substrate sub-clements with gaps between the sub-elements
as will be described 1n detail below.

In some embodiments, the electronic power modules can
be used for single phase inverter bridges. These power
modules can be used to convert DC power to AC power 1n
various power systems, such as various electrical motor
drive applications (e.g., automotive electrical motor drive
applications). The power modules can also be used 1n other
power converters, such as DC-DC power converts, AC to
DC power converts, etc. The bridge can be a tull bridge, half
bridge, H-bridge, asymmetric H-bridge, etc. by rearranging,
components on the power module.

The electronic power modules can include a first semi-
conductor switching component and a second semiconduc-
tor switching component arranged 1n a serial configuration.
The electronic power modules can include a plurality of
serial connected first and second semiconductor switching
components connected 1 a parallel. The semiconductor
switching components can be arranged on co planar alumi-
num substrate sub-clements with gaps between the sub-
clements as will be described 1n detail below.

According to example aspects of the present disclosure,
an electronic power module suitable for use 1n the above
described applications can be made from rigid aluminum
substrates. The rigid aluminum substrates can have a thick-
ness, for istance, in the range of about 0.5 mm to about 3.5
mm, such as about 2.0 mm. As used herein, the use of the
term “about” 1n conjunction with a numerical value refers to
within 15% of the stated numerical value.

The aluminum substrate can be punched into individual
sub-elements, such as a first aluminum substrate, a second
aluminum substrate, and a third aluminum substrate. The
sub-elements can act as current busbars for the electronic
power module. During the manufacturing process after the
initial punching, the first aluminum substrate, the second
aluminum substrate, and the third aluminum substrate can be
connected by bridges. The first aluminum substrate, the
second aluminum substrate, and the third aluminum sub-
strate can define substrate areas that correspond to drain,
source, and gate regions for connecting semiconductor
switching components. Thick film screen printing processes
can print an electrical circuit (e.g., gate driving circuitry,
conductive tracks, etc.) on one or more of the aluminum
substrates. A surface mount assembly process can attach
clectrical components (e.g., passive electrical components,
such as resistors, Zener diodes, capacitors, pin connectors,
bond preforms), sensors (e.g., shunt resistors, hall sensors,
etc.) and/or semiconductor switching components (e.g.,
MOSFETs, IGBTs, FETs, S1C MOSFETs, SiC Shottky
diodes, GaN HEMT, etc.)) to the aluminum substrates.

After assembly, the power module can be mechanically
stabilized by attaching the substrate to a heat spreader (e.g.,
a conductive plate, such as an aluminum plate) via an
1solating layer coupled between the aluminum substrate and
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the heat spreader. The 1solating layer can be, for instance,
adhesive tape, glue layer, gap filler, eftc.

A multiple pin connector with metallized pins can be
soldered or otherwise connected to the power module. In
addition and/or 1n the alternative, wire bond or ribbon bond
preforms can be implemented for wire bonding or ribbon
bonding the circuit carrier to a control circuit (e.g., a
separate circuit carrier associated with control for the elec-
tronic power module.

The bridges between the aluminum substrate sub-ele-
ments can be punched to create a gap between the aluminum
sub-clements. The gap can be an air gap or can be filled with
an 1solating material (e.g., epoxy resin, silicone, potting
compound, etc.). The gap can have a size and configuration
to assure proper msulation standards between the aluminum
substrate sub-elements. The power module can be encased
or otherwise packaged 1n a packaging material (e.g., plastic
material).

Aspects of the present disclosure provide a number of
technical eflects and benefits. For instance, the apparatus
and methods according to example aspects of the present
disclosure can provide for higher design flexibility for single
side cooled electronic power modules. The electronic power
modules can be manufactured using relatively cost effective
techniques using an aluminum substrate which can also
provide high performance for thermal and electrical con-
ductivity. The methods for manufacturing the electronic
power modules can be implemented 1n a short production
process with lower high volume production risks. The
configuration of the electronic power module can provide
for flexibility in the sourcing of semiconductor components
used 1n the electronic power module.

The electronic power module includes a first aluminum
substrate operable at a first potential. The electronic power
module includes a second aluminum substrate operable at a
second potential. The second aluminum substrate 1s
arranged 1n a common plane with the first aluminum sub-
strate. The electronic power module includes a third alumi-
num substrate operable at a third potential. The third alu-
minum substrate 1s arranged 1n a common plane with the first
aluminum substrate and the second aluminum substrate. The
clectronic power module includes first gap separating the
first aluminum substrate from the second aluminum sub-
strate. The electronic power module includes a second gap
separating the second aluminum substrate from the third
aluminum substrate. The electronic power module 1ncludes
a lirst semiconductor switching component electrically
coupled to the first aluminum substrate and the second
aluminum substrate. The electronic power module 1ncludes
a second semiconductor switching component electrically
coupled to the second aluminum substrate and the third
aluminum substrate.

In some embodiments, the first semiconductor switching
component and the second semiconductor switching com-
ponent are arranged 1n an anti-serial connection. For
instance, the first aluminum substrate provides a drain
connection for the first semiconductor switching component.
The third aluminum substrate provides a drain connection
for the second semiconductor switching component. The
second aluminum substrate provides a gate connection and
a source connection for the first semiconductor switching
component and a gate connection and a source connection
for the second semiconductor switching component. In some
applications, the electronic power module 1s configured as a
bidirectional solid state switch.

The second aluminum substrate can be arranged between
the first aluminum substrate and the third aluminum sub-
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strate. In some embodiments, control circuitry can be dis-
posed on the second aluminum substrate.

In particular implementations, the first semiconductor
switching component includes a drain connection pad, a
source connection pad, and a gate connection pad arranged
on a same side of a first semiconductor package for the first
semiconductor switching component. The second semicon-
ductor switching component comprises a drain connection
pad, a source connection pad, and a gate connection pad
arranged on a same side of a second semiconductor package
for the second semiconductor switching component. The
first semiconductor package spans the first gap and the
second semiconductor package spans the second gap.

The drain connection pad of the first semiconductor
switching component 1s die attached to the first aluminum
substrate. The drain connection pad of the second semicon-
ductor switching component 1s die attached to the third
aluminum substrate. The gate connection pad and the source
connection pad of the first semiconductor switching com-
ponent 1s die attached to the second aluminum substrate. The
gate connection pad and the source connection pad of the
second semiconductor switching component 1s die attached
to the second aluminum substrate.

In particular implementations, the first semiconductor
switching component includes a drain connection pad, a
source connection pad, and a gate connection pad. The drain
connection pad and the gate connection pad arranged on
opposite sides of a first semiconductor package for the first
semiconductor switching component. The second semicon-
ductor switching component comprises a drain connection
pad, a source connection pad, and a gate connection pad. The
drain connection pad and the gate connection pad arranged
on opposite sides of a second semiconductor package for the
second semiconductor switching component.

The drain connection pad of the first semiconductor
switching component 1s die attached to the first aluminum
substrate. The drain connection pad of the second semicon-
ductor switching component 1s die attached to the third
aluminum substrate. The gate connection pad and the source
connection pad of the first semiconductor switching com-
ponent are wire bonded or ribbon bonded to the second
aluminum substrate. The gate connection pad and the source
connection pad of the second semiconductor switching
component are wire bonded or ribbon bonded to the second
aluminum substrate.

In some embodiments, the first semiconductor switching
component and the second semiconductor switching com-
ponent are arranged 1n a serial connection. For instance, the
first aluminum substrate provides a drain connection for the
first semiconductor switching component. The second alu-
minum substrate provides a source connection and a gate
connection for the first semiconductor switching component.
The second aluminum substrate provides a drain connection
and a source connection for the second semiconductor
switching component. The third aluminum substrate pro-
vides a gate connection for the second semiconductor
switching component. The second aluminum substrate can
be arranged between the first aluminum substrate and the
third aluminum substrate. In some applications, the elec-
tronic power module 1s configured as a single phase inverter
bridge.

In particular implementations, the {first semiconductor
switching component includes a drain connection pad, a
source connection pad, and a gate connection pad arranged
on a same side of a first semiconductor package for the first
semiconductor switching component. The second semicon-
ductor switching component comprises a drain connection
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pad, a source connection pad, and a gate connection pad
arranged on a same side of a second semiconductor package
for the second semiconductor switching component. The
first semiconductor package spans the first gap and the
second semiconductor package spans the second gap.

The drain connection pad of the first semiconductor
switching component 1s die attached to the first aluminum
substrate. The connection pad and the gate connection pad of
the first semiconductor switching component 1s die attached
to the second aluminum substrate. The drain connection pad
of the second semiconductor switching component 1s die
attached to the second aluminum substrate. The source
connection pad and the gate connection pad 1s die attached
to the third aluminum substrate.

In particular implementations, the first semiconductor
switching component includes a drain connection pad, a
source connection pad, and a gate connection pad. The drain
connection pad and the gate connection pad arranged on
opposite sides of a first semiconductor package for the first
semiconductor switching component. The second semicon-
ductor switching component comprises a drain connection
pad, a source connection pad, and a gate connection pad. The
drain connection pad and the gate connection pad arranged
on opposite sides of a second semiconductor package for the
second semiconductor switching component.

The drain connection pad of the first semiconductor
switching component 1s die attached to the first aluminum
substrate. The gate connection pad of the first semiconductor
switching component 1s wire bonded or ribbon bonded to the
second aluminum substrate. The source connection pad of
the first semiconductor switching component 1s wire bonded
or ribbon bonded to the second aluminum substrate. The
drain connection pad of the second semiconductor switching
component 1s die attached to the second aluminum substrate.
The source connection pad of the second semiconductor
switching component 1s wire bonded or ribbon bonded to the
third aluminum substrate. The gate connection pad of the
second semiconductor switching component 1s wire bonded
or ribbon bonded to the third aluminum substrate.

In some embodiments, the electronic power module can
further include a connector coupled to the first aluminum
substrate, the second aluminum substrate, and the third
aluminum substrate. The first aluminum substrate, the sec-
ond aluminum substrate, and the third aluminum substrate
can each be a bus bar. Aa thickness of the first aluminum
substrate, the second aluminum substrate, and the third
aluminum substrate can be 1n the range of about 0.5 mm to
about 3.5 mm.

In some embodiments, the first gap and the second gap
cach include air. In some embodiments, the first gap and the
second gap each include an insulating material.

In some embodiments, the first aluminum substrate, the
second aluminum substrate, and the third aluminum sub-
strate are attached to a heat spreader via an 1solating layer.
The 1solating layer can be, for instance, an adhesive tape.

In some embodiments, the first semiconductor switching,
component and the second semiconductor switching com-
ponent each include a MOSFFET, IGBT, SiC MOSFET, SiC
Shottky diode, or GaN HEMT. The first aluminum substrate,
the second aluminum substrate, and the third aluminum
substrate can be treated with a pulsed laser pretreatment
Process.

Another example embodiment of the present disclosure 1s
directed to a method of manufacturing an electronic power
module. The method includes punching the first aluminum
substrate, the second aluminum substrate, and the third
aluminum substrate from a sheet of aluminum such that the
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first gap separates the first aluminum substrate from the
second aluminum substrate and the second gap separates the
second aluminum substrate from the third aluminum sub-
strate: the first aluminum substrate connected to the second
aluminum substrate by one or more bridges; the second 5
aluminum substrate connected to the third aluminum sub-
strate by one or more bridges; The method 1ncludes screen
printing one or more circuit components on the first alumi-
num substrate, the second aluminum substrate, and the third
aluminum substrate. The method includes connecting the 10
first semiconductor switching component to the first alumi-
num substrate and the second aluminum substrate. The
method 1includes connecting the second semiconductor
switching component to the second aluminum substrate and
the third aluminum substrate. The method includes attaching 15
the first aluminum substrate, second aluminum substrate,
and the third aluminum substrate to a heat spreader via an
isolating layer. The method includes punching the one or
more bridges connecting the first aluminum substrate and
the second aluminum substrate and the one or more bridges 20
connecting the second aluminum substrate and the third
aluminum substrate to separate the first aluminum substrate
from the second aluminum substrate and to separate the
second aluminum substrate from the third aluminum sub-
strate. The method can include covering the first aluminum 25
substrate, the second aluminum substrate, and the third
aluminum substrate with a packaging material.

FIG. 1 depicts an electronic power module 100 according,
to example embodiments of the present disclosure. The
power module 100 includes three aluminum substrate sub- 30
clements. More particularly, the power module 100 includes
a first aluminum substrate 110, a second aluminum substrate
120, and a third aluminum substrate 130. The first aluminum
substrate 110, the second aluminum substrate 120, and third
aluminum substrate 130 are arranged 1n a common plane. As 35
shown, the second aluminum substrate 120 1s arranged
between the first aluminum substrate 110 and the third
aluminum substrate 130. Each of the aluminum substrate
sub-elements (e.g., first aluminum substrate 110, second
aluminum substrate 120, and third aluminum substrate 130) 40
can be rigid aluminum having a thickness in the range of
about 0.5 mm to about 3.5 mm, such as about 2.0 mm.

A first gap 115 can be disposed between the first alumi-
num substrate 110 and the second aluminum substrate 120.
A second gap 125 can be disposed between the second 45
aluminum substrate 120 and the third aluminum substrate
130. The first gap 115 and the second gap 1235 can be an air
gap. In some embodiments, the first gap 115 and the second
gap 125 can be at least partially filled (e.g., completely
filled) with an 1solating material (e.g., insulating material). 50
The 1solating material can be, for instance, an epoxy resin,
silicone, a potting compound, or other 1solating material.
The first gap 115 and the second gap 125 can have a size to
meet isulation standards (e.g., EN60664-1, UL 840, etc.).

The first aluminum substrate 110 can include a connection 55
112. The terminal connection 112 can be used to mechani-
cally mount the electronic power module 100. The third
aluminum substrate 130 can include a connection 132. The
connection 132 can be used to mechanically mount the
clectronic power module 100. 60

The power module 100 can include a plurality of semi-
conductor switching components, including a first semicon-
ductor switching component 150 and a second semiconduc-
tor switching component 160 arranged 1n anti-serial
configuration to implement a bidirectional solid state switch. 65
In the example embodiment of FIG. 2, eight semiconductor
switching components are 1llustrated (four parallel connec-

8

tions of anti-serial connected semiconductor switching com-
ponents). However, those of ordinary skill in the art, using
the disclosures provided herein, will understand that more or
fewer semiconductor switching components can be used
without deviating from the scope of the present disclosure.

The semiconductor switching components 1n FIG. 1 can
be, for mstance, MOSFETs having connection pads (e.g.,
gate connection pad, drain connection pad, and source
connection pad, arranged on the same side of the semicon-
ductor switching component. For example, a first semicon-
ductor switching component 150 can include a drain con-
nection pad 152, a source connection pad 154, and a gate
connection pad 156 arranged on the same side of the
package associated with the semiconductor switching com-
ponent 150. Similarly, the second semiconductor switching
component 160 can include a drain connection pad 162, a
source connection pad 164, and a gate connection pad 166
arranged on the same side of the package associated with the
semiconductor switching component 160. In example
embodiments, the first semiconductor switching component
150 and the second semiconductor switching component
160 can be an HSOF-8 chip, JEDEC MO-299 package,
TO-LL package, etc.

The first aluminum substrate 110 can provide a drain
potential for the first semiconductor switching component
150. More particularly, the first aluminum substrate 110 can
provide a drain connection for the first semiconductor
switching component 150. For instance, the drain connec-
tion pad 152 of the first semiconductor switching component
150 can be die attached (e.g., soldered) to first aluminum
substrate 110.

The third aluminum substrate 110 can provide a drain
potential for the second semiconductor switching compo-
nent 160. More particularly, the third aluminum substrate
130 can provide a drain connection for the second semicon-
ductor switching component 160. For instance, the drain
connection pad 162 of the semiconductor switching com-
ponent 160 can be die attached (e.g., soldered) to the third
aluminum substrate 130.

The second aluminum substrate 120 can provide a source
potential for both the first semiconductor switching compo-
nent 150 and the second semiconductor switching compo-
nent 160. More particularly, the second aluminum substrate
120 can provide a source connection for the first semicon-
ductor switching component 150 and the second semicon-
ductor switching component 160. For instance, the source
connection pad 154 of the first semiconductor switching
component 150 can be die attached (e.g., soldered) to the
second aluminum substrate 120. The source connection pad
164 of the second semiconductor switching component 160
can be die attached (e.g., soldered) to the second aluminum
substrate 120.

The second aluminum substrate can also include control
circuitry (e.g., gate tracks passive components, sensors,
traces, etc.) for control of the electronic power module 100.
The control circuitry can be screen printed onto the alumi-
num substrate 120 as will be discussed 1n more detail below.
The gate connection pad 156 of the first semiconductor
switching component 150 can be die attached (e.g., sol-
dered) to the second aluminum substrate 120. The gate
connection pad 166 of the second semiconductor switching
component 160 can be die attached (e.g., soldered) to the
second aluminum substrate.

A connector 170 can be coupled to the first aluminum
substrate 110, the second aluminum substrate 120, and the
third aluminum substrate 130. The connector 170 can
include metal pins for providing power and control signals
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to the power module 100. The connector 170 can be con-
figured to provide the drain potential to the first aluminum
substrate 110 and the third aluminum substrate 130. The
connector 170 can provide the source potential and control
signals to circuitry on the second aluminum substrate 120.
Other suitable techniques can be used to provide power and
control signals to the power module 100 without deviating
from the scope of the present disclosure.

FIG. 2 depicts an electronic power module 200 according,
to example embodiments of the present disclosure. The
power module 200 includes three aluminum substrate sub-
clements. More particularly, the power module 200 includes
a first aluminum substrate 110, a second aluminum substrate
120, and a third aluminum substrate 130. The first aluminum
substrate 110, the second aluminum substrate 120, and third
aluminum substrate 130 are arranged 1n a common plane. As
shown, the second aluminum substrate 120 1s arranged
between the first aluminum substrate 110 and the third
aluminum substrate 130. Each of the aluminum substrate
sub-elements (e.g., first aluminum substrate 110, second
aluminum substrate 120, and third aluminum substrate 130)
can be rnigid aluminum having a thickness in the range of
about 0.5 mm to about 3.5 mm, such as about 2.0 mm.

A first gap 115 can be disposed between the first alumi-
num substrate 110 and the second aluminum substrate 120.
A second gap 125 can be disposed between the second
aluminum substrate 120 and the third aluminum substrate
130. The first gap 1135 and the second gap 125 can be an air
gap. In some embodiments, the first gap 115 and the second
gap 125 can be at least partially filled (e.g., completely
filled) with an 1solating material (e.g., mnsulating matenal).
The 1solating maternial can be, for instance, an epoxy resin,
silicone, a potting compound, or other 1solating material.

The first gap 115 and the second gap 125 can have a size to
meet 1msulation standards (e.g., EN60664-1, UL 840, etc.).

The first aluminum substrate 110 can include a connection
112. The connection 112 can be used to mechanically mount
the electronic power module 200. The third aluminum
substrate 130 can include a connection 132. The connection
132 can be used to mechanically mount the electronic power
module 200.

The power module 200 can include a plurality of semi-
conductor switching components, including a first semicon-
ductor switching component 210 and a second semiconduc-
tor switching component 220 arranged 1n anti-serial
configuration to implement a bidirectional solid state switch.
In the example embodiment of FIG. 2, eight semiconductor
switching components are 1llustrated (four parallel connec-
tions of anti-serial connected semiconductor switching com-
ponents). However, those of ordinary skill in the art, using
the disclosures provided herein, will understand that more or
tewer semiconductor switching components can be used
without deviating from the scope of the present disclosure.

The semiconductor switching components 1n FIG. 2 can
be, for instance, bare die semiconductor switching compo-
nents (e.g., MOSFETs). The semiconductor switching com-
ponents 1n FIG. 2 can have a drain connection pad on one
side of the component and gate and source connections on
the opposing side of the component. For example, a first
semiconductor switching component 210 can include a drain
connection pad (not shown) on a first side of the component
210. The first semiconductor switching component 210 can
include a source connection pad 214 and a gate connection
pad 216 arranged on an opposite side of the first semicon-
ductor switching component 210. Similarly, a second semi-
conductor switching component 220 can include a drain
connection pad (not shown) on a first side of the component
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220. The second semiconductor switching component 220
can include a source connection pad 224 and a gate con-
nection pad 226 arranged on an opposite side of the second
semiconductor switching component 220

The first aluminum substrate 110 can provide a drain
potential for the semiconductor switching component 210.
More particularly, the first aluminum substrate 110 can
provide a drain connection for the first semiconductor
switching component 210. For instance, the drain connec-
tion pad of the first semiconductor switching component 210
can be soldered or otherwise die attached to first aluminum
substrate 110.

The third aluminum substrate 110 can provide a drain
potential for the semiconductor switching component 220.
More particularly, the third aluminum substrate 130 can
provide a drain connection for the second semiconductor
switching component 220. For instance, the drain connec-
tion pad of the second semiconductor switching component
220 can be soldered or otherwise die attached to the third
aluminum substrate 130.

The second aluminum substrate 120 can provide a source
potential for both the first semiconductor switching compo-
nent 210 and the second semiconductor switching compo-
nent 220. More particularly, the second aluminum substrate
120 can provide a source connection for the first semicon-
ductor switching component 210 and the second semicon-
ductor switching component 220. For instance, the source
connection pad 216 of the first semiconductor switching
component 210 can be wire bonded or ribbon bonded (e.g.,
via bond 225) to the second aluminum substrate 120. The
source connection pad 226 of the second semiconductor
switching component 220 can be wire bonded or ribbon
bonded (e.g., via bond 225) to the second aluminum sub-
strate 120.

The second aluminum substrate can also include control
circuitry (e.g., gate tracks passive components, sensors,
traces, etc.) for control of the electronic power module 200.
The control circuitry can be screen printed onto the alumi-
num substrate 120 as will be discussed 1n more detail below.
The gate connection pad 218 of the first semiconductor
switching component 210 can be wire bonded or ribbon
bonded (e.g., via bond 225) to the second aluminum sub-
strate 120. The gate connection pad 228 of the second
semiconductor switching component 220 can be wire
bonded or ribbon bonded (e.g., via bond 2235) to the second
aluminum substrate 120.

A connector 170 can be coupled to the first aluminum
substrate 110, the second aluminum substrate 120, and the
third aluminum substrate 130. The connector 170 can
include metal pins for providing power and control signals
to the power module 200. The connector 170 can be con-
figured to provide the drain potential to the first aluminum
substrate 110 and the third aluminum substrate 130. The
connector 170 can provide the source potential and control
signals to circuitry on the second aluminum substrate 120.
Other suitable techniques can be used to provide power and
control signals to the power module 200 without deviating
from the scope of the present disclosure.

FIG. 3 depicts an electronic power module 250 according
to example embodiments of the present disclosure. The
power module 250 includes three aluminum substrate sub-
clements. More particularly, the power module 250 1includes
a first aluminum substrate 110, a second aluminum substrate
120, and a third aluminum substrate 130. The first aluminum
substrate 110, the second aluminum substrate 120, and third
aluminum substrate 130 are arranged 1n a common plane. As
shown, the second aluminum substrate 120 1s arranged
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between the first aluminum substrate 110 and the third
aluminum substrate 130. Each of the aluminum substrate
sub-elements (e.g., first aluminum substrate 110, second
aluminum substrate 120, and third aluminum substrate 130)

can be rigid aluminum having a thickness in the range of 5

about 0.5 mm to about 3.5 mm, such as about 2.0 mm.

A first gap 115 can be disposed between the first alumi-
num substrate 110 and the second aluminum substrate 120.
A second gap 125 can be disposed between the second
aluminum substrate 120 and the third aluminum substrate
130. The first gap 115 and the second gap 1235 can be an air
gap. In some embodiments, the first gap 115 and the second
gap 125 can be at least partially filled (e.g., completely
filled) with an 1solating material (e.g., insulating material).
The 1solating material can be, for istance, an epoxy resin,
silicone, a potting compound, or other isolating material.
The first gap 115 and the second gap 125 can have a size to
meet 1msulation standards (e.g., EN60664-1, UL 840, etc.).

The first aluminum substrate 110 can include a connection
112. The terminal connection 112 can be used to mechani-
cally mount the electronic power module 100. The third
aluminum substrate 130 can include a connection 132. The
connection 132 can be used to mechanically mount the
clectronic power module 250.

The power module 250 can include a plurality of semi-
conductor switching components, including a first semicon-
ductor switching component 150 and a second semiconduc-
tor switching component 160 arranged 1n a senal
configuration to 1mplement an inverter bridge. In the
example embodiment of FIG. 3, eight semiconductor
switching components are 1llustrated (four parallel connec-
tions of serial connected semiconductor switching compo-
nents). However, those of ordinary skill in the art, using the
disclosures provided herein, will understand that more or
tewer semiconductor switching components can be used
without deviating from the scope of the present disclosure.

The semiconductor switching components in FIG. 3 can
be, for instance, MOSFETs having connection pads (e.g.,
gate connection pad, drain connection pad, and source
connection pad, arranged on the same side of the semicon-
ductor switching component. For example, a first semicon-
ductor switching component 150 can include a drain con-
nection pad 152, a source connection pad 154, and a gate
connection pad 156 arranged on the same side of the
package associated with the semiconductor switching com-
ponent 150. Similarly, the second semiconductor switching
component 160 can include a drain connection pad 162, a
source connection pad 164, and a gate connection pad 166
arranged on the same side of the package associated with the
semiconductor switching component 160. In example
embodiments, the first semiconductor switching component
150 and the second semiconductor switching component
160 can be an HSOF-8 chip, JEDEC MO-299 package,
TO-LL package, efc.

The first aluminum substrate 110 can provide a drain
potential for the first semiconductor switching component
150. More particularly, the first aluminum substrate 110 can
provide a drain connection for the first semiconductor
switching component 150. For instance, the drain connec-
tion pad 152 of the first semiconductor switching component
150 can be die attached (e.g., soldered) to first aluminum
substrate 110.

The second aluminum substrate 120 can provide a drain
potential for the second semiconductor switching compo-
nent 160. More particularly, the second aluminum substrate
120 can provide a drain connection for the second semicon-
ductor switching component 160. For instance, the drain
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connection pad 162 of the semiconductor switching com-
ponent 160 can be die attached (e.g., soldered) to the second
aluminum substrate 120.

The second aluminum substrate 120 can provide a source
potential for the first semiconductor switching component
150. More particularly, the second aluminum substrate 120
can provide a source connection for the first semiconductor
switching component 150. For instance, the source connec-
tion pad 154 of the first semiconductor switching component
150 can be die attached (e.g., soldered) to the second
aluminum substrate 120.

The second aluminum substrate can also include control
circuitry (e.g., gate tracks passive components, sensors,
traces, etc.) for control of the electronic power module 250.
The control circuitry can be screen printed onto the alumi-
num substrate 120 as will be discussed 1n more detail below.
The gate connection pad 156 of the first semiconductor
switching component 150 can be die attached (e.g., sol-
dered) to the second aluminum substrate 120.

The third aluminum substrate 130 can provide a source
potential for the second semiconductor switching compo-
nent 160. More particularly, the third aluminum substrate
130 can provide a source connection for the second semi-
conductor switching component 160. For instance, the
source connection pad 164 of the second semiconductor
switching component 160 can be die attached (e.g., sol-
dered) to the third aluminum substrate 130.

The third aluminum substrate 130 can also 1include control
circuitry (e.g., gate tracks passive components, sensors,
traces, etc.) for control of the electronic power module 250.
The control circuitry can be screen printed onto the alumi-
num substrate 130 as will be discussed 1n more detail below.
The gate connection pad 166 of the second semiconductor
switching component 160 can be die attached (e.g., sol-
dered) to the third aluminum substrate 130.

A connector 170 can be coupled to the first aluminum
substrate 110, the second aluminum substrate 120, and the
third aluminum substrate 130. The connector 170 can
include metal pins for providing power and control signals
to the power module 250. The connector 170 can be con-
figured to provide the drain potential to the first aluminum
substrate 110 and the third aluminum substrate 130. The
connector 170 can provide the source potential and control
signals to circuitry on the second aluminum substrate 120.
Other suitable techniques can be used to provide power and
control signals to the power module 100 without deviating
from the scope of the present disclosure.

FIG. 4 depicts an electronic power module 270 according
to example embodiments of the present disclosure. The
power module 270 includes three aluminum substrate sub-
clements. More particularly, the power module 270 1includes
a first aluminum substrate 110, a second aluminum substrate
120, and a third aluminum substrate 130. The first aluminum
substrate 110, the second aluminum substrate 120, and third
aluminum substrate 130 are arranged 1n a common plane. As
shown, the second aluminum substrate 120 i1s arranged
between the first aluminum substrate 110 and the third
aluminum substrate 130. Each of the aluminum substrate
sub-clements (e.g., first aluminum substrate 110, second
aluminum substrate 120, and third aluminum substrate 130)
can be rigid aluminum having a thickness in the range of
about 0.5 mm to about 3.5 mm, such as about 2.0 mm.

A first gap 115 can be disposed between the first alumi-
num substrate 110 and the second aluminum substrate 120.
A second gap 125 can be disposed between the second
aluminum substrate 120 and the third aluminum substrate
130. The first gap 1135 and the second gap 125 can be an air
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gap. In some embodiments, the first gap 115 and the second
gap 125 can be at least partially filled (e.g., completely
filled) with an 1solating material (e.g., mnsulating matenal).
The 1solating material can be, for mstance, an epoxy resin,
silicone, a potting compound, or other 1solating material.
The first gap 115 and the second gap 125 can have a size to
meet 1msulation standards (e.g., EN60664-1, UL 840, etc.).

The first aluminum substrate 110 can include a connection
112. The terminal connection 112 can be used to mechani-
cally mount the electronic power module 100. The third
aluminum substrate 130 can include a connection 132. The
connection 132 can be used to mechanically mount the
clectronic power module 270.

The power module 270 can include a plurality of semi-
conductor switching components, including a first semicon-
ductor switching component 210 and a second semiconduc-
tor switching component 220 arranged 1n a seral
configuration to implement an inverter bridge. In the
example embodiment of FIG. 4, eight semiconductor
switching components are 1llustrated (four parallel connec-
tions of serial connected semiconductor switching compo-
nents). However, those of ordinary skill in the art, using the
disclosures provided herein, will understand that more or
tewer semiconductor switching components can be used
without deviating from the scope of the present disclosure.

The semiconductor switching components 1n FIG. 4 can
be, for instance, bare die semiconductor switching compo-
nents (e.g., MOSFETs). The semiconductor switching com-
ponents 1n FIG. 4 can have a drain connection pad on one
side of the component and gate and source connections on
the opposing side of the component. For example, a first
semiconductor switching component 210 can include a drain
connection pad (not shown) on a first side of the component
210. The first semiconductor switching component 210 can
include a source connection pad 214 and a gate connection
pad 216 arranged on an opposite side of the first semicon-
ductor switching component 210. Similarly, a second semi-
conductor switching component 220 can include a drain
connection pad (not shown) on a first side of the component
220. The second semiconductor switching component 220
can include a source connection pad 224 and a gate con-
nection pad 226 arranged on an opposite side of the second
semiconductor switching component 220

The first aluminum substrate 110 can provide a drain
potential for the first semiconductor switching component
210. More particularly, the first aluminum substrate 110 can
provide a drain connection for the first semiconductor
switching component 210. For instance, the drain connec-
tion pad (not shown) of the first semiconductor switching,
component 150 can be die attached (e.g., soldered) to first
aluminum substrate 110.

The second aluminum substrate 120 can provide a drain
potential for the second semiconductor switching compo-
nent 220. More particularly, the second aluminum substrate
120 can provide a drain connection for the second semicon-
ductor switching component 220. For instance, the drain
connection pad (not shown) of the semiconductor switching
component 160 can be die attached (e.g., soldered) to the
second aluminum substrate 120.

The second aluminum substrate 120 can provide a source
potential for the first semiconductor switching component
210. More particularly, the second aluminum substrate 120
can provide a source connection for the first semiconductor
switching component 210. For instance, the source connec-
tion pad 216 of the first semiconductor switching component
210 can be wire bonded or ribbon bonded (e.g., via bond
225) to the second aluminum substrate 120.
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The second aluminum substrate 120 can also include
control circuitry (e.g., gate tracks passive components, sen-
sors, traces, etc.) for control of the electronic power module
270. The control circuitry can be screen printed onto the
aluminum substrate 120 as will be discussed 1n more detail
below. The gate connection pad 218 of the first semicon-
ductor switching component 210 can be wire bonded or
ribbon bonded (e.g., via bond 225) to the second aluminum
substrate 120.

The third aluminum substrate 130 can provide a source
potential for the second semiconductor switching compo-
nent 220. More particularly, the third aluminum substrate
130 can provide a source connection for the second semi-
conductor switching component 220. For instance, the
source connection pad 226 of the second semiconductor
switching component 160 can be wire bonded or ribbon
bonded (e.g., via bond 225) to the third aluminum substrate
130.

The third aluminum substrate 130 can also include control
circuitry (e.g., gate tracks passive components, sensors,
traces, etc.) for control of the electronic power module 250.
The control circuitry can be screen printed onto the alumi-
num substrate 130 as will be discussed 1n more detail below.
The gate connection pad 228 of the second semiconductor
switching component 220 can be wire bonded or ribbon
bonded (e.g., via bond 225) to the third aluminum substrate
130.

A connector 170 can be coupled to the first aluminum
substrate 110, the second aluminum substrate 120, and the
third aluminum substrate 130. The connector 170 can
include metal pins for providing power and control signals
to the power module 250. The connector 170 can be con-
figured to provide the drain potential to the first aluminum
substrate 110 and the third aluminum substrate 130. The
connector 170 can provide the source potential and control
signals to circuitry on the second aluminum substrate 120.
Other suitable techniques can be used to provide power and
control signals to the power module 100 without deviating
from the scope of the present disclosure.

FIG. 5 depicts a cross-sectional view of a portion of the
power module 200 according to example embodiments of
the present disclosure. As shown, the power module 200
includes a semiconductor switching component 210 that 1s
die attached to a first aluminum substrate 110. More par-
ticularly, the semiconductor switching component 1s die
attached to a film metallization layer 113 (e.g., copper,
silver, etc.) on the first aluminum substrate 110 via a solder
layer 212. A gate connection pad 216 (or other connection)
of the first semiconductor switching component 210 1s wire
bonded (e.g., via wire bond 225) to a connection 227 (e.g.,
associated with gate track, gate driver, etc.) on the second
aluminum substrate 120. A gap 115 separates the first
aluminum substrate 110 from the second aluminum substrate
120.

The first aluminum substrate 110 and the second alumi-
num substrate 120 can be disposed on an optional heat
spreader 194. The heat spreader 194 can be, for instance, an
aluminum sheet having a thickness 1n the range of about 4
mm to about 6 mm. The first aluminum substrate 110 and the
second aluminum substrate 120 can be attached to the heat
spreader 194 via an i1solating layer 192. The 1solating layer
192 can be, for instance adhesive tape, glue layer, gap {iller,
etc.

FIG. 6 depicts an electronic power module 100 after 1t has
been at least partially encased in packaging 195 (e.g., plastic
packaging). As shown, the connector 170 can remain
exposed for connection to power source, control boards, etc.
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In additions, connectors 112 and 132 can remain exposed for
mechanical and/or electrical connection of the power mod-
ule 100.

FIG. 7 depicts a modified construction of an electronic

power module 300 according to example embodiments of 53

the present disclosure. The power module 300 includes three
aluminum substrate sub-elements. More particularly, the
power module 300 1ncludes a first aluminum substrate 110,
a second aluminum substrate 120, and a third aluminum
substrate 130. The first aluminum substrate 110, the second
aluminum substrate 120, and third aluminum substrate 130
are arranged 1 a common plane. As shown, the second
aluminum substrate 120 1s arranged between the first alu-
minum substrate 110 and the third aluminum substrate 130.
Each of the aluminum substrate sub-elements (e.g., first
aluminum substrate 110, second aluminum substrate 120,
and third aluminum substrate 130) can be rigid aluminum
having a thickness 1n the range of about 0.5 mm to about 3.5
mm.

A first gap 115 can be disposed between the first alumi-
num substrate 110 and the second aluminum substrate 120.
A second gap 125 can be disposed between the second
aluminum substrate 120 and the third aluminum substrate
130. The first gap 115 and the second gap 1235 can be an air
gap. In some embodiments, the first gap 115 and the second
gap 125 can be at least partially filled (e.g., completely
filled) with an 1solating material (e.g., insulating material).
The 1solating material can be, for istance, an epoxy resin,
silicone, a potting compound, or other isolating material.
The first gap 115 and the second gap 125 can have a size to
meet msulation standards (e.g., EN60664-1, UL 840, etc.).
Semiconductor switching components can be arranged on
the electronic power module 1n a manner similar to that
described with reference to FIGS. 1-4.

As shown 1n FIG. 7, the second aluminum substrate 120
has a widened portion 123 to accommodate the entire
footprint of the connector 170. Appropriate electrical con-
nections from the connector 170 to the first aluminum
substrate 110 can be implemented using electrical conductor
304 (e.g., bond). Appropriate electrical connections from the
connector 170 to the third aluminum substrate 130 can be
implemented using electrical conductor 302 (e.g., bond).
This configuration can allow complete overmolding of the
power module as plastic compound does not flow under-
neath the connector component. In addition, the connector
area can be sealed by pressing on a flat substrate area around
the connector 170.

FIG. 8 depicts an overview of an example method 400 for
manufacturing an electronic power module according to
example embodiments of the present disclosure. The method
400 can be used to manufacture any of the electronic power
modules described herein, including the electronic power
modules described 1n FIGS. 1-7. FIG. 8 depicts steps per-
formed 1n a particular order for purposes of illustration and
discussion. Those of ordmary skill in the art, using the
disclosures provided herein, will understand that various
steps of any of the methods described herein can be modi-
fied, rearranged, omitted, include steps not 1llustrated, and/or
expanded 1n various ways without deviating from the scope
of the present disclosure.

At (402), a ngid aluminum metal substrate can be pro-
vided. The substrate can have a thickness, for instance, 1n the
range of about 0.5 mm to about 3.5 mm, such as about 2.0
mm.

At (404), the method can include punching the aluminum
substrate to with the required layout to generate the alumi-
num substrate sub-eclements separated by air gaps. For
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instance, the aluminum substrate can be punched to create a
first aluminum substrate, a second aluminum substrate, and
a third aluminum substrate. A first gap can separate the first
aluminum substrate from the second aluminum substrate. A
second gap can separate the second aluminum substrate
from the third aluminum substrate. Bridges can connect the
aluminum substrate sub-elements.

At (406), the aluminum substrate sub-elements can be
pretreated using a laser pre-treatment process and/or a
screen printing process to add circuit elements, traces, and
connection layers (e.g., metallized layers) for the electronic
power module. For instance, thick film deposition of metal
layers on the aluminum can be accomplished using the
techniques described in U.S. Patent Application Publication
2015/0044360, which 1s incorporated herein by reference.
An example laser pretreatment process 1s disclosed 1n U.S.
Provisional Application Ser. No. 62/792,153, which 1s incor-
porated herein by reference.

At (408) discrete components (e.g., surface mount
devices) can be mounted and electrically connected to the
aluminum substrate sub-elements (e.g., using surface mount
techniques). The discrete components can include the semi-
conductor switching components (e.g., Silicon MOSFET, Si
IGBT, S1 FET, S1iC MOSFET, SiC Shottky diodes, GaN
HEMT, etc.). The discrete components can include sensors,
such as current sensors, temperature sensors, voltage sen-
sors, etc. The discrete components can include passive
components, such as resistors, diodes, capacitors, pin con-
nectors, bond preforms, etc. At (410), 1f using bare dies for
the semiconductor switching components (e.g., see FIG. 2
and FIG. 4), the semiconductor switching components can
be wire bonded and or ribbon bonded to the aluminum
substrate sub-elements.

The aluminum substrate sub-elements can then be option-
ally secured to a heat spreader. The heat spreader can be, for
instance, an aluminum sheet having a thickness in the range
of about 4 mm to about 6 mm. In some embodiments, the
heat spread can be thinner, such as about 1.5 mm to gain
height for screwing connections of the power module. The
aluminum substrate sub-elements can be secured to the heat
spreader via a suitable 1solating layer (e.g., adhesive tape).

At (412), the method can include punching the bridges
between the aluminum sub-elements to fully separate the
aluminum substrate sub-elements. The gaps between alumi-
num substrate sub-elements can optionally be filled with
1solating material, such an epoxy resin, silicone-based mate-
rial, potting compound, etc. The power electronic module
can then be packaged by encasing at least a portion of the
aluminum substrate sub-elements 1n a packaging material
(e.g., plastic).

While the present subject matter has been described 1n
detail with respect to specific example embodiments thereot,
it will be appreciated that those skilled i1n the art, upon
attaining an understanding of the foregoing may readily
produce alterations to, vaniations of, and equivalents to such
embodiments. Accordingly, the scope of the present disclo-
sure 1s by way of example rather than by way of limitation,
and the subject disclosure does not preclude inclusion of
such modifications, variations and/or additions to the present
subject matter as would be readily apparent to one of
ordinary skill in the art.

What 1s claimed 1s:

1. A method of manufacturing an electronic power mod-
ule, the electronic power module comprising a {irst substrate
operable at a first potential; a second substrate operable at a
second potential, the second substrate arranged 1n a common
plane with the first substrate; a third substrate operable at a




US 11,776,940 B2

17

third potential, the third substrate arranged 1n a common
plane with the first substrate and the second substrate; a first
gap separating the first substrate from the second substrate;
a second gap separating the second substrate from the third
substrate; a first semiconductor switching component elec-
trically coupled to the first substrate and the second sub-
strate; and a second semiconductor switching component
clectrically coupled to the second substrate and the third
substrate, the method comprising;:
punching the first substrate, the second substrate, and the
third substrate from a sheet of metal such that the first
gap separates the first substrate from the second sub-
strate and the second gap separates the second substrate
from the third substrate; the first substrate connected to
the second substrate by one or more bridges; the second
substrate connected to the third substrate by one or
more bridges;
screen printing one or more circuit components on the
first substrate, the second substrate, and the third sub-
strate;
connecting the first semiconductor switching component
to the first substrate and the second substrate;
connecting the second semiconductor switching compo-
nent to the second substrate and the third substrate;
covering the first substrate, the second substrate, and the
third substrate with a packaging matenal.
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2. The method of claim 1, further comprising;:
prior to covering the first substrate, the second substrate,
and the third substrate with a packaging matenal,

punching the one or more bridges connecting the first
substrate and the second substrate and the one or more
bridges connecting the second substrate and the third
substrate to separate the first substrate from the second
substrate and to separate the second substrate from the
third substrate.
3. The method of claim 1, further comprising:
prior to covering the first substrate, the second substrate,
and the third substrate with a packaging material, filling
the first gap and the second gap with an 1solation
material.
4. The method of claim 3, wherein the 1solation material
COmprises an epoxy-resin.
5. The method of claim 1, further comprising:
attaching the first substrate, second substrate, and the third
substrate to a heat spreader.
6. The method of claim 5, wherein attaching the first
substrate, the second substrate, and the third substrate to the

heat spreader comprising attaching the first substrate, the
second substrate, and the third substrate to the heat spreader
via an 1solation layer.
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